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Introduction
The increased popularity of WLAN applications, in the recent years, has raised the demand for small power and less off-chip components which tends to achieve integration of multiple transmitter/receiver chains on the same die [1] , which further increases the demand for highly integrated and area efficient designs. All WLAN transceivers essentially need an efficient T/R switch for sharing a single antenna between its transmitter and receiver to compensate the size, cost and portability. It is one of the very crucial parts of a transceiver which deals with both high power transmitter and low power receiver circuit as shown in Figure 1 . During transmission stage, the switch connects the antenna to the power amplifier of the transmitter to radiate large signal to the surroundings and at the same time protects the low power receiver circuit from being get damaged [2] . On the other hand, during reception stage, the switch ensures that the low noise amplifier receives the intended signal with minimum loss. However, the major requirements for a T/R switch are low insertion loss, high power handling capability, high linearity, good isolation and acceptable reliability [3] [4] . Advances in CMOS technology allows the researchers to fabricate fully on-chip transceivers without compromising the performance issues [5] . This results in low power, small size and low cost wireless terminals for different applications such as RFID, Bluetooth, Zigbee, Wi-Fi and WLAN devices [6] [7] . Consequently, to a great extent, this attracts more subscribers to enjoy affordable wireless communication services through WLAN.
The CMOS T/R switch presented, in this paper, can withstand more than 24 dBm PA output power with the normal 0.13 µm CMOS devices, by employing a novel floating device scheme. Over the 802.11g operation frequency band, the insertion loss due to the switch is less than 1.4 dB and it provides isolation of more than 25 dB to the receiver. This switch will be very useful for 2.4 GHz WLAN devices.
Methodology
The objective of this study is to design and simulate a CMOS switch to obtain better performance. The software named Mentor Graphics by Emerald Systems is used for the design and simulation of the switch. This software has two parts; first part is Design Architect IC (DA-IC) and second part is IC-Station. Design Architect has been used to design the schematics of the T/R switch circuit and for the simulation to obtain the result. The schematic of the proposed series-shunt T/R switch is illustrated in Figure 2 . It consists of one voltage source, six transistors and eight resistors only. The transistors M5 and M6 form an inverter circuit. Control signals Vc and Vc´ are used to switch the transistors M1, M2, M3 and M4 from their ON to OFF states and vice versa. The series transistors, M1 and M2, perform main switching task while the shunt transistors, M3 and M4, provide low-impedance paths for the unwanted signals to the RF ground. Therefore, the two shunt arms make the T/R switch achieve relatively better isolation between transmitter and receiver port but at the cost of high insertion loss.
Transistor ON state resistance is the dominant factor responsible for insertion loss. Because of this, only n-channel MOS transistors are utilized in the design as their conductivity is higher than the pchannel MOSs. The drain-to-body and source-to-body junction capacitances of the transistors are also critical factors determining insertion loss. Therefore, optimization of the transistor width-length is very important [8] [9] . The gate resistances help to improve the isolation by decreasing the effect of capacitive coupling of the OFF transistors [10] whereas the body floating resistors helps to meliorate power handling capacity by retaining the high input impedance of the transistor by offering a high resistance to the source/Drain to body diode [11] [12] . The components used in this study are given in Table 1 . Table 1 . T/R switch elements and their values.
Elements Values
M1 -M4 60/0.13 µm RG1 -RG4 5 Ω
RB1 -RB4 50Ω
Vc and Vc´ 1.2 V and 0 V
Results and discussions
The switch proposed in this paper has been designed in 130 nm CMOS technology. Mentor graphics Design Architect has been used for the simulation study. The isolation, insertion loss and power handling capacity are the three main characteristics of a transmit/receive switch. These parameters are also interrelated and tradeoffs among them cannot be ignored [9] . In this paper, the insertion loss, isolation and power handling capacity of the proposed switch is measured in transient analysis mode. Figure 3 and Figure 4 show the insertion loss and isolation of the switch. From the simulation it is obvious that the switch exhibit 25.1 dB isolation and 1.36 dB insertion loss. It is also apparent that the values of insertion loss and isolation for the 2.4 GHz WLAN remains almost constant for the proposed switch. The linearity as well as the power handling capacity of a switch is usually determined by the 1 dB compression (P1dB) point. The higher the P1dB point, the more the switch handles RF power within acceptable level of nonlinearity. Therefore, this characteristic can be considered as stability of the switch at high input power during the transmission period. Figure 6 shows the large signal linearity of the switch and the value of the P1db found is 24.3 dBm.
Therefore, the proposed switch can handle large amount of power during transmission mode with a very small insertion loss and better isolation of low power receiver circuit. It also dissipates very small amount of power which is only 786.7 nW per cycle. Table 2 gives the summery of the performance of the switch. In this design the use of bulky inductor and capacitor is avoided and therefore, the size and cost of the devices will be reduced. Such a switch will be very useful for cost effective WLAN devices. 
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